Abstract-Occult hepatitis B infection (OBI) is characterized as a form of hepatitis in which detectable amounts of HBV-DNA can be monitored in the peripheral blood of patients whereas the hepatitis B surface antigen is undetectable. The main aim of this study was to investigate whether there is a relationship between OBI and single nucleotide polymorphisms in the −592 region of the IL-10 gene. In this study, the polymorphism at position −592 of the IL-10 promoter of 57 OBI cases was compared and correlated to that of 100 healthy controls by PCR-RFLP techniques. Our results showed that patient and control groups had significant differences regarding genotypes and alleles of the −592 polymorphism in the IL-10 gene. Based on our results, it can be concluded that the −592 polymorphism within the promoter of the IL-10 gene is associated with OBI.
INTRODUCTION
Occult hepatitis B infection (OBI) is described as a clinical form of hepatitis B in which, despite the lack of detectable Hepatitis B surface antigen (HBsAg) in patient serum, those patients are positive for HBV-DNA in periphery blood [1] . This type of hepatitis imposes a considerable threat to blood transfusion services, and its detection remains a significant challenge for those agencies [2] . Despite the application of programs for appropriate screening of all donated blood and blood components for HBsAg, some cases of posttransfusion hepatitis B are reported worldwide [3] . The majority of post transfusion hepatitis B infections are caused by OBI [4] , which we previously reported in our investigations in Isfahan [5] and Kerman [4] , the two main central provinces of Iran. The mechanisms responsible for progression of OBI are yet to be clarified; however, some investigators have suggested that genetic and immunological parameters may play a significant role in the resistance of some individuals and sensitivity of others [4, 6, 7] . The key roles of IL-10 as an inhibitory cytokine of autoimmune and inflammatory reactions [8] raise questions concerning the impacts of this cytokine in the pathogenesis of OBI. Elevated levels of IL-10 in OBI patients were previously reported by our research team [9] . Therefore, it can be suggested that IL-10 creates an inhibitory effect on the immune system of OBI patients, and they fail to completely clear the HBV infection. Our previous findings encouraged us to explore the reasons for overexpression of IL-10 in OBI patients, with a view that if we could understand the regulatory mechanisms that are disrupted in OBI patients, this may open opportunities to explore potential therapeutics. Several studies showed that the polymorphisms within the promoter of IL-10 gene (especially −592) can influence the expression of the cytokine [10] . Therefore, the aim of this study was to investigate the relation between OBI and the −592 polymorphism of IL-10 gene promoter.
MATERIAL AND METHODS

Patients
Peripheral blood samples were collected from 57 OBI patients and 100 healthy controls. HBsAg-negative and HBV-DNA/anti-HBc-positive samples were considered as OBI, while, HBsAg/HBV-DNA-negative, and anti-HBc-positive samples were selected as healthy controls. Selection of OBI patients and healthy controls was described previously [4] . The study protocol was approved by the ethical committee of the Rafsanjan University of Medical Sciences.
Prior to sample collection, all participants of this study filled out and signed the informed consent form which was designed and based on the aims and objectives of the current study. Primer sequences for the HBV and IL-10 promoter amplifications are shown in Table 1 .
Genomic DNA Extraction
Peripheral blood was collected on EDTA, and genomic DNA was extracted using a commercial kit (Bioneer, Korea) following the manufacturer's recommended procedures. Extracted DNA was aliquoted (for each patient sample) and stored at −20°C for further use.
Detection of Polymorphism
The −592 IL-10 gene polymorphism (within the gene promoter) was analyzed by the PCR-RFLP method as described in our previous study [11] .
Statistical Analysis
Hardy-Weinberg equilibrium was assessed using the genotype data. Allele and genotype frequencies were calculated in patients and healthy controls by direct gene counting. Statistical analysis of the differences between groups was determined by the χ 2 test using EPI 2000 and SPSS software version 13. A P value of less than 0.05 was considered significant.
RESULTS
Evaluation of polymorphisms within the −592 region of the IL-10 gene by Rsa-1 restriction digestion showed that the prevalence of the C/C genotype was 31 (54.4%) in patients and 22 (22%) in controls, the frequency of the A/C genotype was 24 (42.1%) and 55 (55%) in patients and controls, respectively, and the values for the A/A genotype in the patient group was 2 (3.5%) and in controls was 23 (23%) ( Table 2) . Statistical analysis showed a significant difference between groups regarding these genotypes (p= 0.04). The frequency of the C allele was 86 (75.44%) and 99 (49.5%) in patients and controls, respectively. Twenty-eight (24.56%) of the A alleles were seen in patients, but the frequency of this allele was 101 (50.5%) in controls. Statistical analysis showed that the difference in these genotypes were also significant (p=0.001) ( Table 2) .
DISCUSSION
Increased serum levels of IL-10 subsequent to viral infections is now well documented [9] , and it has also [12] . In agreement with the evidence suggesting a potential correlation between IL-10 and disease status, our results showed that the frequency of evaluated alleles and genotypes were different between OBI patients and healthy controls. Therefore, based on our results, it can be concluded that these polymorphisms are associated with OBI. In a previous study, we reported the overexpressed circulating levels of IL-10 in OBI patients [9] ; hence, when considering these data together, it might be concluded that the evaluated polymorphisms probably had an impact on IL-10 production. To the best of our knowledge, this is the first study to evaluate the IL-10 −592 polymorphisms in OBI patients. However, several studies have shown that IL-10 polymorphisms correlate with hepatitis B [13] [14] [15] . For instance, LU Yong-Liang reported that the polymorphisms at the −592 position of the IL-10 gene were associated with HBV infection in an Asian ethnic group [13] . Interestingly, they did not find any relationship between HBV infection and any other polymorphisms found within the IL-10 promoter [13] . Some studies also demonstrated that the polymorphisms at the −592 position of IL-10 are associated with HBV infection [15, 16] . Interestingly, a meta-analysis showed that the frequency of A allele at the −592 position of IL-10 is more likely to be related to spontaneous HBV clearance [17] . In this study, we revealed that the frequency of A allele was decreased in the OBI patients; thus, it can be concluded that the evaluated IL-10 polymorphisms in OBI patients may lead to a weakened immune system which fails to clear HBV. Interestingly, our previous study showed that the serum levels of IL-12 were decreased in OBI patients [4] . Additionally, we showed in that study that the polymorphisms within IL-12 were not associated with IL-12 serum levels [4] . Therefore, according to our current and previous findings, it may be concluded that low levels of inflammatory cytokines such as IL-12 are related to the inhibitory effects of IL-10.
The strength of our study is the high number of the evaluated blood donors. However, there is a lack of functional correlation between the presence of the polymorphism and its role in regulating IL-10 expression. In the future, this could be resolved using a luciferase reporter assays in which reporter expression is studied under the control of the wild-type and diseased promoters. In addition, future studies should focus on the expression levels of IL-10 mRNA in the immune cells of OBI patients versus healthy controls by real-time PCR. It would also be interesting to measure circulating serum levels of IL-10 in OBI patients carrying the −592 polymorphism versus healthy controls.
Finally, due to the complexity of OBI, other aspects of the disease need to be examined. Therefore, our future studies will be focused on exploring polymorphisms and the expression levels of related cytokines and their receptors in OBI patients.
